Abstract: This study evaluated the effect of preliminary irradiation on the depth of cure and Knoop hardness of a veneering composite. The composite was filled into a mold, and irradiated with different irradiation duration or irradiance. After removing the mold, the depth of cure was measured, and the Knoop hardness number at each depth was determined and statistically analyzed using Mann-Whitney U test. Depth of cure of the composite polymerized by the Sublite S unit with a distance of 15 cm for 30 or 60 s was less than 2.0 mm. The Knoop hardness number of the group polymerized by the Hyper LII unit without preliminary irradiation and the group polymerized by the Sublite S unit with a distance of 3 cm was higher than that of the group polymerized by the Sublite S unit for 90 s or the group polymerized by the Solidilite unit, respectively, even though the depth of cure for these four groups was higher than 2 mm. Preliminary irradiation with long duration and low irradiance caused a low degree of polymerization, which is probably effective in enhancing the bond strength between veneering composite and cast framework. (J Oral Sci 52, 71-75, 2010)
Introduction
Indirect composites designed for veneering cast frameworks are polymerized using laboratory photo curing units. The application of high intensity photo curing units, e.g., metal halide lamps, is effective for improving physical properties (1-3), wear resistance (4, 5) , and monomer conversion (4) of indirect composites. However, a previous study indicated that the preliminary irradiation with short duration or high intensity reduced the bond strength between the veneering composite and alloy (6) . The authors speculated that the difference in bond strength was derived from the difference in contraction stress during polymerization or in mechanical strength. It has been also reported that the initial high irradiation to restorative composites reduced the bond strength (7, 8) or cavity wall adaptation (9, 10) , and induced polymerization shrinkage (11, 12) or contraction stress (13) (14) (15) . Therefore, soft-start polymerization, which is an irradiation mode with a preliminary low irradiance, is recommended for restorative composites (7, 9, 11, 16) . However, little is known about the influence of preliminary irradiation on the degree of polymerization of the indirect composite, or the influence of the degree of polymerization on the bond strength. Thus, the influence of preliminary irradiation with different duration and irradiance on the depth of cure and Knoop hardness was investigated in this study. 
Original

Materials and Methods
Three laboratory photo curing units employed in this study are shown in Table 1 . The Sublite S unit is used for preliminary curing and is equipped with a halogen lamp. Composite material is held in the hands, and the distance between the lamp and material is estimated to be 3 to 15 cm from the structure, although the manufacturer of the Sublite S unit does not recommend a specific distance. The Solidilite unit and the Hyper LII unit are box form laboratory photo curing units for final polymerization. The light source of the Solidilite unit is four halogen lamps, whereas that of the Hyper LII unit is two metal halide lamps. An indirect composite material (Solidex, Shofu Inc., Kyoto, Japan) was selected as a veneering material (Table  2) .
A polytetrafluoroethylene (PTFE) mold with a diameter of 10 mm and a thickness of 2 mm was set on a glass plate. The opaque composite was brushed onto the glass plate and polymerized by the Solidilite unit for 180 s. The body composite was slightly overfilled into the mold. The strip and glass plate were set on the top surface of the composite and pressed to remove the excess composite. The composite was irradiated with different irradiation duration or irradiance ( Table 3 ). The summation of irradiance between 400 and 500 nm of each mode was calculated with the spectral irradiance reported in the previous study (6) . Immediately after removing the mold, the depth of cure was determined, therefore, the uncured material was scraped away with a plastic spatula according to ISO 4049. The thickness of the remaining material was measured with a digital micrometer (MDC-SB, Mitutoyo Corp., Kawasaki, Japan) 5 times and the mean length was calculated. If no composite could be removed because of the hardness (more than 2 mm), the specimen was assessed using the Knoop hardness test. A disc specimen was sectioned longitudinally passing through the center with a slow speed diamond saw (Isomet, Buehler, Lake Bluff, IL, USA) under water cooling. The top and a sectional surface were ground with a #2000 silicon-carbide abrasive
Results
The mean depth of cure results are shown in Table 4 . Depth of cure of the composite polymerized by the Sublite S unit with the distance of 15 cm for 30 or 60 s was less than 2.0 mm. On the other hand, depth of cure for the HY-9-90, SU-15-90, SU-3-60, and SO-9-60 groups was more than 2.0 mm. Regarding the irradiation duration, longer duration produced greater depth of cure.
Knoop hardness number results are shown in Table 5 . An increment in depth caused smaller Knoop hardness number. SU-15-90 and HY-9-90, as well as SU-3-60 and SO-9-60 were compared to evaluate the effect of the irradiance in the previous study, and exhibited a significant difference in bond strength (6) . Since the homogeneity of variance between SU-15-90 and HY-9-90 groups and between SU-3-60 and SO-9-60 groups were not observed using the Levene test, Mann-Whitney U-test was used to compare the two groups with the value of statistical significance at the 0.05 level. Compared to SU-15-90 group, HY-9-90 group revealed higher Knoop hardness number at each depth. Knoop hardness number of the SU-3-60 group was significantly higher than SO-9-60 at Table 4 Influence of preliminary irradiation modes on depth of cure Table 5 Influence of preliminary irradiation mode on Knoop hardness number for each depth 0.6 mm depth or deeper, whereas no significant differences between these two groups were observed from the top to 0.4 mm depth.
Discussion
The effect of preliminary irradiation on bond strength between composite and alloy was investigated in a previous study which revealed that preliminary irradiation with long duration or low intensity caused high bond strength between composite and alloy (6) . Thus, in this study the influence of the preliminary curing with different irradiation durations or irradiances on degree of polymerization was investigated using depth of cure and Knoop hardness.
The depth of cure of the SU-15-30 or -60 group was less than 2 mm, whereas there was no uncured material on the bottom of the SU-15-90. This indicates that the composite of the SU-15-30 or -60 group at the interface between composite and alloy was irradiated by the high intensity curing unit, without sufficient curing during the preliminary irradiation. A higher depth of cure was observed with an increase of the irradiation duration by the Sublite S unit with a distance of 15 cm. Researchers have investigated the influence of irradiation duration on the depth of cure and found that the longer irradiation was effective for higher depth of cure (1, 17, 18) . These results agree with the current results.
The bottom of the HY-9-90, SU-15-90, SU-3-60, and SO-9-60 groups could not be removed with the spatula since it was sufficiently hard. Compared to the HY-9-90 group, the SU-15-90 group indicated a statistically lower Knoop hardness number at each depth. The bond strength of the SU-15-90 group (12.4 MPa) was significantly higher compared to the HY-9-90 group (8.3 MPa), while the irradiance of the Sublite S unit with a distance of 15 cm was found to be lower than the Hyper LII unit (6) . Similarly, the Knoop hardness number of the SO-9-60 group was significantly lower compared to that of the SU-3-60 group at the depth of 0.6 mm or deeper. The bond strength of the SO-9-60 group (11.4 MPa), of which the irradiance was low, was significantly higher than that of the SU-3-60 group (8.7 MPa) (6). These results indicate that the low degree of polymerization at the composite-alloy interface caused by low irradiance of the preliminary irradiation was effective in enhancing the bond strength between composite and alloy. The reason for the low bond strength of the HY-9-90 and SU-3-60 groups is thought to be contraction stress or polymerization shrinkage, which are caused by the rapid polymerization reaction resulting from the high intensity curing unit as a preliminary irradiation. Many studies have investigated the influence of intensity of preliminary irradiation on the adaptation or the contraction stress. The high irradiance of a preliminary irradiation produces less cavity wall adaptation (9,10) or higher contraction stress (13) (14) (15) . However, restorative and indirect composites differ from each other in the composition of composite, existence of the opaque layer, and the distance from the light source. Therefore, the effect of preliminary irradiation on the degree of polymerization of veneering composite was investigated in this study. Tanoue et al. also investigated the influence of the duration of the preliminary polymerization on the bond strength between indirect composite and gold alloy, and found that a longer intermediate irradiation enhanced bond strength (19) . These results agree with the current observations.
Veneering composite for cast frameworks requires high physical properties, in addition to the high bond strength to alloy. A high intensity curing unit is effective for improving physical properties (2) (3) (4) (5) . The combination of a preliminary irradiation with long and low irradiance and a final polymerization with high intensity could provide good properties to veneered cast restorations.
Within the limitations of this study, it was concluded that preliminary irradiation with long duration and low irradiance provided a low degree of polymerization, which seems to be effective in enhancing the bond strength between veneering composite and alloy.
